Ceram c Powder and Use Thereof Technical Field 5The present invention
relates to ceram c powder and use thereof. Background Art To cope
with the requirenents for the devel opnent of conpact and |i ghtwei ght

el ectronic machinery and tools, which are |likew se greatly inproved 10 in
their performance, there has rapidly been advanced the investigation and
devel opnent of smaller, thinner and high density packaged sem conductors.
Accordingly, with respect to the packaged structure of such sem conductors,
the conventional |ead-terni fgramipd anseHsad grpobind SOP have been
superseded by the area-array type ones such as BGA and LGA, which are
highly effective for to the realization of thinner and high density

packagi n re r.,it has been a recent trend to positively adopt a
stacked-g%ﬁggﬁﬁﬁﬁﬁgygyered structure in which a plurality of I1C chips are

| am nated or pﬂ%‘gg@s%n 'iﬁ{?érgtié‘n SERALE 16 EMMPR PG R AAC KB N Ot her

words, the structlre of such a sem conductor package has increasingly been
conplicated and the packagi ng density of each sem conductor 20 device has
| i kewi se even nore rapidly becone higher. In respect of the stacked-chip
mul ti -1 ayi®ckgrettnddnir e, there have been highlighted several problens
concerning the noldability thereof due to its conplicated structure. This
i s because, wHBn dopechiifs three rpauivegeants nfarayhe s depgopmendi pf ejoamract; and

hei ght between the portion provided wi.th such chips d that free. of an
chip on thehmgkt glestronic graghagenpppd; W@fseé{&é’ﬂﬂa%e WHEGBTRALY PRBREOve
obseryved .f or, t.he cenventionagl o chi p.and, accorqi , c

sem dndde: Bt Reer i Faf L BifS U E Mlags s ovostigarion, ang
speeds. 'A(‘ﬁav%l(frpgﬁé’ﬁﬁ of | SRGIRET ];rrtx’ tJ nge%na_r ﬁi%l?%ﬂiﬂsityn PR aPBY eSdrcoAliuttass.

upper nost narrower portions o I'am nat ed chi ps "at ich the flowrate

of the nf&bidinels wRHEUERDetDtd BHS ﬂ@kﬁ%e@sﬁddtﬁ_ﬂe af eash (seonide) dudoreaher
t he nunber of gold wires required for the electrical connection of these

chi ps i s doneertisadl leadpreoponal tpd endéshaahuab@F Poand KR hayeheepavipageadedt he
use of |l ong-spun gold wires is required and accordingly, 5 probl .ari.se
such t hatbystheharemarrayutynsi ones sidh as B4 apd %@Pﬂé'f}élﬁ}%eafeb@lgm% egé&l%%%f
the fl ow seal i terial (fl,qw resistance.thereof),and this in turn
osultbe therRaleaRtact Ginieohd M bR Eng MESate fhf BRa on
of a short - ¢l Wy 1O TE vari v j %ygf it R&hich

sol ution rt(%?&k#gggﬁptpé%ggﬁn{éayuﬁ%%g %éta%#ghﬁ_(})l%g%g?h?g I ﬁg%gglgcr%g% 101[3&@1&& g_s
used for J1pk4ifgof 200:HiRS fRSidmiAddt hephblkd &IE wHblgch hoginkly Bbmecondsesdr ng
material for sém conductors. In respect of the inprovenent of the nold used
for nol dipxgkatbensl havehbeanris ofinsetduchure ofhst@naesenaicbadhniogqueadkagettiash
the nold is so designed that it is 15 provided with a groove for exhausting
air (air-inersasingly heewsconplieated hadfthenpadkagiog dempityopldeadl sprpi¢amstuctor
nol di ng oper atjons, (Patent Docunent 1) .and a technique in which the nold is
so dédi grﬁ%&l(t%la%s kepaseeRn Hwe\iﬁapﬁhxh?é ’@g‘@r-contrm ling the fluidity
of a sealing material to thus inhibit the occurrence of any deformation of
wires and the formation of any void (Patent Docunent 2). Moreover,

regardi ng 20 tIRerés?ércPV sPhch DG - TREEd AtrhOurd 8 ThERNBUGE Weéen
t here have been proposed, tor instance, a nmethod which conprises the steps

of reducikighliBBtad se@stdly pebbReniesédhceninkushpr agildabilitgonhemdof t fhee Clor iitrg
time thereof at the nolding tenperature (Patent Docunent 3); a nethod in

whi ch a sempdimaded tsoructaad.i ndlnet srhadausemphiesi HY chifs hbrepaskaged mediyerss
inmproved in the property of filling-up 25 narrower portjons_ by reducjng the
rat e2of dhardjffegenge thdieight between the mostian PW@?‘EWh@%@H@Ft@%&%ﬁe

ool 19, 5 B A L 1o SR L1 B0l SLZE o oL 0 L PP
: d int . tor- i i .

contr ol TRECEIT T aBCaP PR P RGO BBt By i, Tl R AR Sedithe
the viscogifyifAfnsPe through these portions at different speeds.  As a result, fine air

bubbles are caught in the material at the uppermost narrower portions of the




sealing material (Patent Document 4). However, these nmethods have stil

been insufficient and there has not yet been devel oped any

sem conductor-sealing material which is never acconpanied by the formation
of voids and the deformation of distributing wires and which can
accordingly be used in the sealing 5 of sem conductors having such a

st acked- ClainPinéd ichligy &t fhRhr #d Ab% satel & AL AdtkYial 38 rWBULe RS0 3AYUs FBFAM C
powder used in the sealing nmaterial. Patent Docunent 1: JP-A-2003-209216;
Pat ent Doewifitidd 2readd{#eide05- MOEIer, 1thPauaiherDof gobhtwides required for the
JP- A- 2006- 013382; Pat ent Docunent 4: JP-A-2003-110065. Di sclosure of the

| nvent i orelScirjcad tconmeBg ot afafhresd diyps he ihoreaned an [&iporfisn aoctradnngiberasf
obj ect of the present invention tg provide ceram c powder which pernits the
pr epar at i GaPsfto Hesparkeagrduthorse ehlangsprn gpldivirseds| eaniradnandacens sy,

s Bt R B o D bR bt

- i terial. - O heul. 20
s cond ot ok T MOV LA of (N0 il ncBiher il Y B iRyl
to a firsfsapRent taf cémcplro?sae%ré ﬁf‘%ﬁ@ﬂei%ﬂ’lﬁfrﬁlé onk %@Y&@g&i&%@ c

powder, which has a nmultiple peak-frequency type particle size

di st ri butdlprtdaéuig at | east two peaks, as determ ned according to the

| aser diffraction-scattering type particle size distribution analyzer in
whi ch the maxi num particle size observed for the first peak falls within
the range of from12 to 30m in which the maxi mum particle size observed
for tilRe secondpesgkchawe varigushi heemanyestigzated fov dhe sokwiompt hespiiohlame

content of, th articles_ havi.ng a articgle size aof .gre r tha m and
Co0s T hanvhBm ipBE nohe B TBH AR ByeRERL PhRegosied foF il iRe; ARl (e geins
F2/ F1) of. .4 f ney. val.ue E2:- of the jaaxi rel cle si served. for
( ) J&’lu Q?li% ?_ggyieu%u %1 J.Ulllllnél &ea%]_uégr Xg%{glgﬁ &‘UL bgmﬁbﬁdc\%}%vlsbi. eqn

t he second pea requency Vv e naxi num par € sz

observed f@pedth6f fileS tmpeaterhdRI&T THOMOIP Ws@d1lfo molding, THEere€haMR heen
powder according to the present invention is preferably provided with at

| east onerobposdl forlinevame, embedinigatsin whicH ke pavlieis Basdadigiud tledteitsisze

di stribution having an additional third peak and the maxi mum particle size

obserl¥ed Hrovidddewithi a growekioraxhaustingar (de-veatldo dhus peayen tithefond adiodm
s..determ ned usi he J

2) the amgunt of the oversiz articles a S, .

s% andar d q%iaé\)’e"%fi &mg the, mﬁﬁ%geon FaHopsEDRAIRNtAeIMERY 1? g}‘ht%@ct%%ﬁ n
powder is_silica powder. kn.addit, on, .accor.qdi tp a second aspect.,of the
resent | et RRolhE e 4 id80d i Shrdated Sl sOuRRRaR b RRTFLIR
east onanahi 8105 BaRAG 1hHRASK @ithul 1R HBHARL ORAPHRCC ARSI BB rh loiCor
present invention incorporated into the resin and/or rubber.” According to a
third aspgets ahd fie PHrasERNNn bf"ﬂ%t\ﬁo@(ﬂ (Phteei D bcuabs O 2Pr OVIIdeshvar, regarding

sem conduct or-sealing materi al erein the conposition of the present
i nvebi orthe sinaprepoxentr efitheceorglosy maerial for semiconductors, there have been
proposed, for instance, a method which comprises the steps of reducing the
viscosity of a resin to thus precisely control the curing time thereof at the molding
temperature (Patent Document 3); a method in which a semiconductor-sealing
material comprising a filler and a resin is improved in the property of filling-up
25 narrower portions by reducing the rate of charging of the filler in the resin,
lowering the viscosity of the sealing resin and further reducing the particle size of
the filler; and a method in which the particle size distribution of a filler to be

incorporated into a semiconductor-sealing material is adjusted so as to control the

charging (or filling up) property and to simultaneously reduce the viscosity of the



20 Effects of the Invention The present invention thus permts the
realization of a resin conposition or a rubber conposition and, in
particular, a sem conductor-sealing material, which has a high narrow
interstice-filling up property and an excellent noldability 25 (there is
hardly observed such tendency of form ng voids and the occurrence of any
distri bUtée\%gin‘g ﬁl%tgﬁgp(%h‘e@oc%\ﬁ?&ﬂ 5y therd édérp%bés%trﬁeﬂ{oésﬂ%\%r st?ﬁ beBf
cerami ¢ powder 1n the resin conposition or the rubber conmposition (these
two ki ndsinghiffi@amOsinid @RsraMHds A6t sudiserDlekBfdpledednlOs@ficofAIPRSiIsehBAE
collectively) is increased up to alevel of not |ess than 89% by nass.

Best Modembhteridlarwlichg iSuhetdie ddtuamanded The thiesfenmativrentfi ooidsi landoeghe
described in nore detail bel ow. The powder according to the
present idefermatinnodmpstirdosting manescapbwhiéeh can anchrdilglyderegeidongbedenling

i ncl udes powder of various kinds of ceramc paterials such as silica,

al uni Ra, i t3niconguginasi shagmg cerchhi @r i sleckadighimumu{Elagmedanfrigigs
nitride. These powder materials may .be used al gne or in,any conbi.nation of
Dt | east SHSTRBO ARl i ot ARty e dan e R ERTTA powder.
in particular, anorphous silica prepared by nelting crystalline silica at a
hi gh tenperature, or anorphous silica prepared according to a synthetic
met hod, spfeat Druessid i ciem-20b3dpepigl expansi on of a sem conduct or

el ement shoul d be brought closer to that of a sem conductor-sealing

mat eri al Ratehe Dugadierant Jihe\-26a51i319860t eri al shoul d be 15 inproved in the
heat resistance, resistance to |low tenperature cycle and nol d-weari ng

pr opdft y. Pateat Docenvintt el BifoRpAoWIB3888; of the anorphous silica powder is
preferably not | ess than 95% as expressed in terns of the value determ ned
accor di ng 360t ochEtadt ok’ Wi BP03d 18863 | ed bel ow. 20The ceranic powder of
the present invention is characterized in that it has a nultiple
peak-frequency type particle size distribution having at | east two peaks,

as det er iy saﬁ§8f6ﬁ€§h$éhﬁ§§.laser diffraction-scattering type particle

size distribution analyzer that the maxi num particle size observed for the

first pesubjatd o Bé Mitdinkddy agmwhtionom 12 to 30m and the maxi mum
particle size 25 observed for the second peak falls within the range of

fromi2 to 7m Ithat atdeedoogiyean dijetthef phet prdseat hiawiengioa pantrocide sézmenief
greater than 7pm.and | ess than 12pmis not nore than 18% (i ncludi ng 0%

and t hat nowederamhsch Fpemm)tsofthe hprénazationc pfval semppnghuctoresapdingmmapterial
particle si observed for the second . peak to the fr ency val FI. of the
ot frum (3P e Yo ABS VAT o LHEYs rpstropear And ddeaye garelfestiip thes!
The use ).C I C J racteristi i es
are i mpatt R A B Eomb et L SR BB Sl i Bl ARFEo

material qWiaGh GeRer ™ Nedil) Rafd9R R 5 OWaBBEeeddeeRill bhlli N PRrREARST by
and has an excellent noldability even when

20 semiconductor-sealing material.

Means for Attaining the Subject
According to a first aspect of the present invention, there is thus provided
ceramic powder, which has a multiple peak-frequency type particle size
25  distribution having at least two peaks, as determined according to the laser
diffraction-scattering type particle size distribution analyzer in which the
maximum particle size observed for the first peak falls within the range of from 12
to 30um; in which the maximum particle size observed for the second peak falls

within the range of from 2 to 7pm; in which the content of the particles having a



5 increasing the filling rate of the ceram c powder in a resin such as an
epoxy resin up to a level of not |ess than 89% by nass. A group of
particles, which belong to the first peak having a nmaxi num particle size
falling within the range of from12 to 30pm forns the main particles 10 of
the cerami c powder of the present invention. Wen the maxi mum particle size
t her eof | ; i S] t r tE it LRANT e
A A G e S Rt D G
conposi t i @iclhau D8 BXGehicBNthdmbhdab(ram) & thoeredi@cyh@athe Hrenf tihe
maxi mum particle size thereof exceeds 30pm the viscosity of the resulting
conposi t imaximunegactde diné obteri’edvioulthle Becorat pedk ftd ithalfteduancy halpaltli ef es
to enter into narrow portions on the outernost |ayer of a stacked chip,

whi ch acddedhaginguhepdsticle sitreobirreed dorath cofirdfp adkerangesdvpm 0.5 to 1.3.
interstice-filling up property of the conposition. The maxi num particle
size 6f the particles belonging to the first peak preferably ranges from 15
to 25pm Pate Docunent 4 di,scl oses,the ceram ¢ powder whi.ch has_suc 20
il €1 b1 - peak TYPEHARTE cPAVIFS AGELUNED I BIF tHEPST AP HERh R o dPEieCr

si ze of i -hel I i ] but
the rangd P ROE RBPobB & B4 BN SRRIANLAQEIAL ke siufier RER

i nventi oparkfeld Nige IBSREGE L0k N8aaAB SRt a@ditioR8] Pditd Geak WHASEhPRRAkighEm
size fall's wwthin the range of from 12 to 30pmis preferably not |ess than
25% by mgsstahd spay bbseivad for2theptleirdr pddly falds Wwithsn tthanradi b froms 0.1 to
Moreover, it is suitable that the upper Iimt of the content thereof is,

for ilfist Zhdem;6Dthy amovnt dfetheaversise gpanijrles gsadeternunedensing bee tHSt he
first pe and thus make the packing structure of the particles denser to
further ﬁt&@%&tﬁgvsaﬁﬁﬁg%%wtwow thae 95901 MpsSe PR @%@w&jé?w@m to
t her eby tyjt%er.riﬁuce the viscosity of the resulting conposition.
Thereforé?N¥E§]6§ FEPRYE e of these particles belonging 5 to the second
peak preferably falls within the range of from3 to 6m In particular, when
the ratio (F2/Fl1) of the frequency value F2 of the maxi mum particle size
observed for tlhead@ieit Reakdihe tbhe sédpduessact \valtHe pgrésait iRenfivn, fhske is
particle size observed for the first peak ranges fromO0.5 to 1.3 and

pr ef apablals®@pbotided .a2¢orhhesitenarintp peigesat fast bae pf esessin hndenthben ananthee

i nproved 10 so as to substanti allg reduce the viscosity thereof to a .
desired |cevaniR@WASTf agaokdng o theepresen honuemiipn tipcorporpteds 3, the) resins

TR e
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7p.m i sipGeh 8RR ¥nNYloxhesRid Fpdstedry mass, and in particular, not |ess

than 20% by nmass. Moreover, it is suitable that the upper limt of the
conteot thereof is, for instance, 50% by mass. In the present invention, it
woul d be optimumthat the ceramic powder of 20 the invention is conpletely
free of ﬁ&q’oapfthdzén(le@ﬁoent thereof is 0% having a particle size of
greater than 7nm and | ess than 12nm since_.the presence thereof is not
necessary for kHePRSeBAARVERtioR faYs paatkiisghe é}Flémcﬂ% a ES1h eREpsition or
conpri sing_t\he foregoi. parti.cl es having a binpary-peak (two-peak),type
par L cl e ST Dot CTPRTPBrA TRl e Semagtickor poqlinte pladrial which
(three-pegak) ,t rticl ' ' ' ' as,, Wi [ - QW.
Accor di ng’l%;é , at%%%c%%trg%‘g ?ﬁé?set%lfezﬁlllﬂl%ﬁ{gs %#Pbgﬂg %8? ér%r%&te ﬁgﬁ@%@?aﬁﬂﬁﬁ)"’
(i nchydi iigh 3%is RRAARY B RHBE ¥udh t8R&En 4SO BYMIRS Soldi%nd TR s&NEL Ayt he
particles having a particle size of gréater than 7nm and | ess than 12nm
means t heistejituting wire defoemaitididtévam appearfilha gbestseen fadter fofr tgoicagrhio st
and second peaks and it is preferred that the smallest possible nunber of
parti cl epoileprimstine resiey edmpThitsorc ondihei vabher eunpesitiopotthase twioukindseple
has not yet been propgsed any ceram c powder whosg content of partic|es,
havi ng acpaPestldisiwil drexguagesr ben exrrg% dAdap esompemiiey prrollectively) is
controlled. 5ln,the prgsent in%/?nti n, éé}o/i s preferred that the ceramc
powder h&Crsa5ed tPoer LVl ofinof [essuman-S WAIHEIA58- addi tional third peak
whose nmaxi mum particle size falls within the range of from0.1 to 0 8pm and
preferably 0.2 to 0. 7pm The particle group, which fornms this third peak,
woul d enter into the interstices present4in the packing structure fornmed by
the group of particles 10 formng the first peak and the group of particles
bel onging to the second peak to thus make the packing structure of the
particles nore denser and to naintain their excellent noldability even when
the filling rate of the resulting powder is further increased. Accordingly,



It is preferred that the average sphericity of the ceram c powder according
to the present invention is not |ess than 0.85 and preferably not |ess than
0.90. This accordingly results in the inprovenent of the narrow
interstice-filling up property of the resulting conposition and the further
reduction of the viscosity of the sane. 5 The particle size

di stributjy t ram c. RO r,of the present invention is one as
determ negg'gtyﬁ{%gqggggarﬂ&'%@gﬁgﬁ%ﬁg‘é%é??%ri ng type particle size

di stribution a I L on AN i tj ering type
particle size g?é*??%%?ﬁghggﬁgpyzerb?g%gggggphiégg%(kﬁggg%ﬁk%the particle
size 10 channel has a width corresponding to log (pm of 0.04) avail able
from Beckrman Coul ter Conpany. \Wen neasuring the particle size

di stribution, Thtgowdersedrdihgatsthe/ préseéntdndehtion panipésesscdraniie pexaisrhed
are subjected to a pre-treatnment which conprises the step of dispersing

t hem i wanérsughicegantie pomtdeasionlwldsamogeen eevafions diedsmofgemmic matexials
out put of 200W I.n a(g&i tion, the PIDS 15 (Palarization Intensity Difference
Scat t er i n¥Jchc 3mSR AlnBrings titgriag mgmresidrsiligor agtrade, alpayapny AHgidey adbm
45 to 55% Qy mass. In this connection, the refractive index of water is
assuned tooHE 1 %é,e-m le it is assuned that the refractive index of the
sanpl e powder nay be identical to that of the material for the sanple. For
i nstance, the refractive index of anmorphous silica is herein defined to be
1.50. 20 The tehge pEHEH M RRLShdy L Gsed SlolerUsith PEANBirtfon & A8 &f
the particle size range correspondi hg to the maxi num val ue appearing in the
f r equencytvwmrdfi theen sbne miost prefirably asedeherein nedsdeaopsiwagr, tin phetibaler
diffraction-scattering technique. For instance, when, in the cunulative
particl e 2Boxpheugdsidicai inepaved byheeliing bytsteBineasilicafasra high panpeciters, ae
of up to 20pm.is 50% by nmass,_ that for the particle size of uyp ton,4pmifs
65% by meBOTRIY HACaPEEP arRsl aesordimiedosy sentdretiggneth i singesthpome fcipak of

w thn ¢ era) 5 RRR 00 b emre RGBS e T ATRet elBet PaiBat oty
be so cal &%&ﬁﬁ&ﬂl&aﬁﬁ%ﬁ]‘gﬁﬁﬁ n?éteﬁf{]bﬁ 59 ﬁ@éd;véariuﬁ%he RleGHif th?érY‘Qe%&ﬂﬁ be

val ues of 20pm an e anount of e oversiZe particles In the
ceranisC Haipdotkd@si®f thdchdyte yesistd e NidPtanad he Wt aktipiedtde tcheleus of
a JIS Standard Sieve, Precisely 5 weighed ceramc particles (10 g) are

i nt r oducedoldhtvearing Staratty.d Bhevatobdl Hpmmanphodisngsd of thxe atoB8phous silica
Speci fication, followed by shaking the particles for 5 mnutes while

sprayi ng ROVEIRINLS 1REGIEDLY matolessi trpn i Hi% as mstaessed donteamsepf thieevalue
ceram c particles, remainin n the, sieve,. i,ng .t he recovered particles
and then ‘g*é?‘g}lfﬁefﬂ ﬂ@%ﬁ@%ﬂ%&%mﬁh%a%ﬁ@f%éeMPe%Wt he ceranic powder
10 remaining on the sieve is divided by the total mass of the ceramc
powder used in this neasurenent to thus cal culate the anpunt of the

over ghze partiThEseidinichdWdef of N PRILEREAGE (1D EChardRESVEIN thiEit L
of anor phousness of the ceram c particles of the present 15 invention can
be det er i medtiple p &k fisepehca tppupartiderdye didttibationeiwn g(dtdeastnstapesks,
"Model Mni Flex" available fromRI GAKU Co., Ltd.), in which the X-ray

di f f r act issndateainyizied ascarding et the lasenm diffractiommsghenhngdiyie aerticly sife
Cul L beam.ranging from26 to 27 5 degrees, and the rate of anorphgusness is
det er mi n Sféﬂﬁ’%@l@ l¥zegs thatd hepmarimugn paetisleosize mbseped ?xrctb&i ¥staradkon

ks thys;,det ermi ngd. 20 For, i.nst i f silica.powder, .t TR
peaks, {yendel RN %Eohe RhaIE e PugRSGnEl cBh hSRRAE g R
thergsis ROL-RBSRLVALL 30%REBKak Fank '\Sitﬁﬁ‘i?rt%oﬂvh%féé l){ ﬁl%nWQeEb afg‘}ﬁ;pﬁf’étst d
crystalline silica particles are mxed 1 n a sanpl®, e peak appearing a

26. 7 degrggtertsteihefat@flel Mavehy o §hHidle stid bf arbaeranigi ghh AORYSt iRl
to the rate of the crystalline silica present in the

12pm is not more than 18% (including 0%); and that the ratio (F2/F1) of the

frequency value F2 of the maximum particle size observed for the second peak to

the frequency value F1 of the maximum particle size observed for the first peak



25 mxture and therefore, the ratio of the crystalline silica to the

anor phous silica in the sanple powder can be determ ned on the basis of the
ratio of the X-ray intensity observed for the sanple in question to that
observed for the reference or standard sanple of crystalline silica [(X-ray
diffraction intensity observed for the sanple)/(X-ray diffraction intensity

observed rth r | 11 Sidyl ca d.the. rate of anpr n f the
canp! o catgstaiptl Y50 dmiiba bhE Rty B Fetdiy PRIefor VIRl WP Ri2eBhe
Anor phou Wet7 [Leniy ol t al, Ly NN t Jden t he
ixt ur o) X100 L ropsbiPE B Faliahaf SolIpeh She! fEBpERRR, dna
accor di Ngsendichh@uétok!sawiing Maidtedialhi GhhieRNPEASeSmihRtsheps Ohidtakimgrow
particle imges using, for instance, a stereoscopic mcroscope (such as one
avai | abl enftextichifkbimeCanpopripiesty untbrhadean r exielleane nofldabddel eSbk - &ben
Type"), then inputting the particle inages into an inmage-analyzing device
(suchbas 1ogecamiag thefdlinggateplthectrandicGmwderyinuadesint fveht asmaie epare re$in
"MacVi ew' and éhe average sphericity is then determned using the projected
area (A) W tea ﬁV‘?;a{?rftI}Q?I esaHtpn RR79RY Méral 1 ength (PM) thereof neasured
using the foregoing mcrographs. If the area of a true circle correspondi ng
to a specific peripheral Ilength (PM is assuned to be (B), the circularity
of the particlg j i e th r fi . .
Accordi ngly, é%é%ﬁ?%g&fﬁgPyg%FTSgﬁggg%ﬁgb éSﬁ%& Qﬁgé ?%ggyﬁéﬁgé%g?ﬁmfgun

i dent i calpicld18ize (BMn vitiia theRingeRAThdml B5t0 SHEm @M KO £h§fdritlesB
=nx(PM 21)2 can be derived, since the followng relations: PM= 2nr; and B
=nr 2 1bol ibft theecanchiagoordéngl yhe tpresaitr muteartidny ofWhan hthpamtikthenc aartiele
expressed by the follow ng equation: Grcularity = AAB = Ax4n/ (PM 2. Thus,

t he aver agee tiptreof td topsithanol Zianetlre sistcpsigy of shpeeshléingatanep ehtignradgupyly
calculating the ciccul arity val yes fﬂéﬁﬁégitrarily sel ected 200 particles
pr epar ed BEEASEP Ny G Rt YIEr BYGIES gt t QR XSPRTR| h GOTRSHYEY AGE R EPeof

dth | £1pl yi S by, i | f., Th i wd f the
o e LALLM P DA S 08, SOITIe PRIy MR S5
particl e%h@?é’df%@zcé@d@?léféﬁg%h.@%édo%hgr.o?‘&l]‘c% FR3UYiN c@ﬁ%ﬁié‘n 1O BRAT b PAse

havi ng an aver age par Size ranging from2 t m and those having an
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powder conprises spherical oxide powder such as spherical silica powder
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prepared according to, for instance, a nmethod which conprises_the steps of
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al dehydes, glycidyl ester acid epoxy resins obtained through the reaction
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P PN PN PN N — s



15 raw material and the classification conditions. Mre specifically, the
maxi mum particle size; the content of particles having a particle size of
greater than 7pmand | ess than 12pm and the ratio (F2/Fl) of the frequency
val ue F2 of the maxinmum particle size observed for the second peak to the
frequency value Fl of the maxi mum particle size observed for the first peak

wer e contfghhedoPYaPhoRE L HréQeAdintsbid9 t Nk %M‘hﬂ‘ﬁicﬁf isahuﬂériﬂg%&ﬁar&i, boit
nmu i zed powder,

the condition for tiple sieving operation of the spheril
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and the amount of the raw material to be supplied. 25 The spheri cal
anor phous silica powder products Ato L were inspected for the rate of

anor phousness _and the average sphericity and gll of these products re
found®t o have I8 &ﬁ@rg@%%@hé&m&rgﬁre ehatt the, corpmiy, BAwdeh haserage
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maxi num particle size observed 5 for the first peak were calcul ated on the
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for the particles having a particle size ranging from12 to 30pm 2 to 7pm
and 001 tormirgpthefizst ndak ansbthesgmiup phparticlps bebanmneitodhy seaendipeak to

sunmar i zeg in Tﬁbl 1. 10To eval uate the characteristic properties of the
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4.0 parts of a phenolic resin; 0.2 part of triphenyl phosphine; 0.5 part of
y- gl y&i doxiypaogdydmetbfixysiti@anef wirds. partheotoranbof the gekticksdwbose particlef
carnauba wax, and the resulting m xture was then kneaded, with heating, in
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(screw di aneter. = 25.ra kneadi ng di engt h of D rotati. I
hober. ofBRAE AT g5 oAby Hat Feep flan by GHags pgy Moty thisr ipabte

t emper at yf, g [RANGLAG: HHAM0} IRo bOn el herd1S s B ASLREONG L b di schar ged
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correspondi ng 25 sem conductor-sealing materi al & Each sem conduct or - seal i ng
material thus prepared was inspected for the flowability, the narrow

i ntepstice-fi lhithe corapiiepeswiler adebriiveg degheepfsedefinvemtiomntlof amount of
distributing wires according to the eval uation nethods detail|ed bel ow and
the resutheovexmzobariided (Hrepswdempiriades memaening ¢ hhegicvabhe deterngined
Det er mi natj on of _Fl owabi | iéy/,Spi r The spiral_ flow val ue of
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Interstice-Filling Up Property Two imtation chips each having a chip
si ze of Semidoyxitha3neweseopuinterstiayillm ®apthwpeutyf althcofesalisupgtrodbet fsor
BGA via a the attach film then they were connected to one another wth
gol d wir dstearmtaté® resulting assenbly was nolded into a package size of

38mMmx38mx1 Omm usi ng each of the foregoing is sem conductor-sealing
materials in a transfer nolding machine, followed by the after curing

operation at te at ur f,,175C for 8.hours to.thus give 30,BGA .

i mitational sgtrﬁsc nﬁ%%ﬁe:ér ﬁ@%e%n%\é?ragﬁ Spﬁieglc?té%%@gf? C‘%rr?guﬁipsot“é%egeacﬁgf%lgn

t he nei ghboring interstices on the chip was found to be 200pm the dianeter
of the gold wire was set at a |level of p3Cpm and the average | ength

t hereof was set at a 20 level of 5nm Th® foregoing transfer nolding
operations were carried out at a nold tenperature of 175C, a nol di ng
pressure of 7.4MPa and a holding tinme of 90 seconds. These 30 imtational
sem conductor el enments were visually inspected for the presence of any
un-filled portion and the imtational sem conductors free of any un-filled

and
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to the present invention is not less than 0.85 and preferably not less than 0.90.
This accordingly results in the improvement of the narrow interstice-filling up
property of the resulting composition and the further reduction of the viscosity of

the same.

The particle size distribution of the ceramic powder of the present
invention is one as determined by the laser diffraction-scattering type particle
size distribution analyzing method. Such a laser diffraction-scattering type
particle size distribution analyzer includes “Model LS-230” (the particle size
channel has a width corresponding to log (um) of 0.04) available from Beckman
Coulter Company. When measuring the particle size distribution, water is used
as a solvent, and the particles to be examined are subjected to a pre-treatment
which comprises the step of dispersing them in water using the ultrasonic
homogenizer for one minute at a power output of 200W. In addition, the PIDS
(Polarization Intensity Difference Scattering) concentration of the dispersion is
set at a level ranging from 45 to 55% by mass.  In this connection, the refractive
index of water is assumed to be 1.33, while it is assumed that the refractive index
of the sample powder may be identical to that of the material for the sample.

For instance, the refractive index of amorphous silica is herein defined to be 1.50.

The term “maximum particle size” herein used means the median of the
particle size range corresponding to the maximum value appearing in the
frequency particle size distribution as determined according to the laser
diffraction-scattering technique. For instance, when, in the cumulative particle
size distribution, the cumulative value for the particle size of up to 20pm is 50%
by mass, that for the particle size of up to 24pm is 65% by mass, and that for the
particle size of up to 28pum is 70% by mass, the particle size range showing the
presence of a maximum value falls within the range of from 20 to 24pm and thus

the maximum particle size can be so calculated to be 22um, or the central value
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(particle size (PD) < 0.1pm 0 1 3 0 Content (% of Particles (PD: 0.1 to
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present between the values of 20pm and 24pnm.

The amount of the oversize particles in the ceramic particles of the present
invention can be determined by the use of a JIS Standard Sieve. Precisely
weighed ceramic particles (10 g) are introduced into the Standard Sieve of 53pm
according to the JIS Specification, followed by shaking the particles for 5 minutes
while spraying them with water, recovering, into a metallic container, the ceramic
particles remaining on the sieve, drying the recovered particles and then
determining the mass of the same. The amount of the ceramic powder
remaining on the sieve is divided by the total mass of the ceramic powder used in
this measurement to thus calculate the amount of the oversize particles in terms

of the percentage thereof.

Moreover, the rate of amorphousness of the ceramic particles of the present
invention can be determined by the use of a powder X-ray diffractometer (for
instance, “Model Mini Flex” available from RIGAKU Co., Ltd.), in which the X-ray
diffraction analysis is carried out at a 20 (0: angle of diffraction) of CuK, beam
ranging from 26 to 27.5 degrees, and the rate of amorphousness is determined on
the basis of the intensity ratio of the specific diffraction peaks thus determined.
For instance, in case of silica powder, the main peak for the crystalline silica
appears at a 20 of 26.7 degrees, while there is not observed any peak for the
amorphous silica.  When amorphous and crystalline silica particles are mixed in
a sample, the peak appearing at 26.7 degrees observed for the crystalline silica
has a height proportional to the rate of the crystalline silica present in the
mixture and therefore, the ratio of the crystalline silica to the amorphous silica in
the sample powder can be determined on the basis of the ratio of the X-ray
intensity observed for the sample in question to that observed for the reference or
standard sample of crystalline silica [(X-ray diffraction intensity observed for the
sample)/(X-ray diffraction intensity observed for the crystalline silica)l and the

10
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rate of amorphousness of the sample can thus be determined by the following
relation: Rate of Amorphousness (%) = [1 - (the rate of the crystalline silica

present in the mixture)x100].

The average sphericity of a sample can be determined according to the
following method which comprises the steps of taking particle images using, for
instance, a stereoscopic microscope (such as one available from Nikon Corporation
under the trade name of “Model SMZ-10 Type”), then inputting the particle
images into an image-analyzing device (such as one available from Mountech
Company under the trade name of “MacView” and the average sphericity is then
determined using the projected area (A) of each particle and the peripheral length
(PM) thereof measured using the foregoing micrographs. If the area of a true
circle corresponding to a specific peripheral length (PM) is assumed to be (B), the
circularity of the particle is given by the relation or defined to be A/B.
Accordingly, assuming that a true circle having a peripheral length is identical to
that (PM) of the sample particles, the following relation: B =mx(PM/2m)?2 can be
derived, since the following relations: PM = 2mr; and B =nr? hold true and
accordingly, the circularity of each particle can be expressed by the following
equation: Circularity = A/B = Ax4n/(PM)2.  Thus, the average sphericity is
herein defined to be the value obtained by calculating the circularity values for
arbitrarily selected 200 particles prepared according to the foregoing method,

determining the average thereof and then multiplying the same by itself.

The ceramic powder of the present invention can easily be prepared by, for
instance, simply mixing particles having an average particle size ranging from 0.1
to 0.8um; those having an average particle size ranging from 2 to 7um; and those
having an average particle size ranging from 12 to 30pm. In addition, if the
ceramic powder comprises spherical oxide powder such as spherical silica powder

and/or spherical alumina powder, a desired ceramic powder product can be

11
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prepared according to, for instance, a method which comprises the steps of
injecting a powdery raw material into a flame having a high temperature to thus
give molten spherical particles and then recovering the particles using a collecting
device such as a weight settling or sedimentation chamber, a cyclone, a bag filter
and an electrostatic precipitator, while appropriately controlling the treating
conditions such as particle size of the powdery raw material, the amount of the
powder to be injected into the flame, and/or the temperature of the flame; or
alternatively subjecting the recovered powder to such an operation as

classification, sieving and mixing treatments; or the combination thereof.

The composition of the present invention is one comprising the ceramic
powder according to the present invention, which is incorporated into at least one
member selected from the group consisting of a resin and rubber. In this
respect, it 1s preferred that the content of the ceramic powder in the composition

ranges, for instance, from 10 to 99% by mass and preferably 30 to 95% by mass.

The resins usable herein include, for instance, epoxy resins, silicone resins,
phenol resins, melamine resins, urea resins, unsaturated polyester, fluorine
atom-containing resins, polyamides such as polyimides, polyamide-imides and
polyether imides, polyesters such as polybutylene terephthalate and polyethylene
terephthalate, polyphenylene sulfides, all aromatic polyesters, polysulfones,
liquid crystalline polymers, polyether sulfones, polycarbonates,
maleimide-modified resins, ABS resins, AAS (acrylonitrile-acrylic rubber/styrene)

resins, and AES (acrylonitrile/ ethylene/propylene/diene rubber-styrene) resins.

Among these resins, preferred as the semiconductor-sealing materials used
herein are epoxy resins each comprising at least two epoxy groups in the molecule.
Specific examples thereof include phenol novolak type epoxy resins, o-cresol

novolak type epoxy resins, epoxidized products of novolak resins of phenols and

12



Narrowl nterstice-FillingupProperty/Visual Observation (presence or absence
of un-filled portions) No No No No Narrow Interstice-Filling up

Property/ Average No. of Voids (Nunber) O O O 1 Degree of Deformation of
Gold Wre (nmm 0.11 0.05 0.07 0.15 Table 1 (continued) Ex. No. Synbol
of Anorphous Silica Powder E

aldehydes, glycidyl ester acid epoxy resins obtained through the reaction of
glycidyl ethers such as bisphenol A, bisphenol F and bisphenol S, polybasic acids
such as phthalic acid and dimeric acids and epichlorohydrin, linear aliphatic
epoxy resins, alicyclic epoxy resins, heterocyclic epoxy resins, alkyl-modified
5 multi-functional epoxy resins, S -naphthol novolak type epoxy resins,
1,6-dihydroxy naphthalene type epoxy resins, 2,7-dihydroxy naphthalene type
epoxy resins, bis-hydroxy biphenyl type epoxy resins, and further epoxy resins
into which halogen atoms such as bromine atoms were introduced for imparting a
flame-retardant property thereto.  Suitably used herein include o-cresol novolak
10 type epoxy resins, bis-hydroxy biphenyl type epoxy resins, and epoxy resins
carrying skeletons derived from naphthalene, among others, from the viewpoint of

the resistance to humidity and the resistance to a solder-reflowing property.

As curing agents for the foregoing epoxy resins, there can be listed, for

15 instance, novolak type resins each obtained by reacting at least one member
selected from the group consisting of phenol, cresol, xylenol, resorcinol,
chlorophenol, t-butyl-phenol, nonylphenol, isopropylphenol, and a mixture thereof

with formaldehyde, paraformaldehyde or p-xylene in the presence of an oxidation
catalyst, poly(p-hydroxy styrene) resins, bisphenol compounds such as bisphenol A

20 and bisphenol S, tri-functional phenols such as pyrogallol and phloroglucinol, acid
anhydrides such as maleic anhydride, phthalic anhydride and pyromellitic
anhydride, and aromatic amines such as m-phenylene diamine, diamino-diphenyl
methane and diamino-diphenyl sulfone. In this connection, it is also possible to

use a curing accelerator, for instance, those specified above such as

25 triphenylphosphine or 1,8-diaza-bicyclo- [5,4,0]-undecene-7 in order to accelerate

the reaction between the epoxy resin with the curing agent.

The components specified below may, if necessary, be incorporated into the

composition of the present invention. More specifically, examples of such

13
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additional components include a stress-reducing agent, for instance, a rubbery
substance such as silicone rubber, polysulfide rubber, acrylic rubber, butadiene
derived moiety-containing rubber, styrene derived moiety-containing block
copolymer and saturated elastomer, a resinous substance such as a variety of
thermoplastic resins and silicone resin, and a resin obtained by partially or
completely modifying an epoxy resin or a phenol resin with amino-silicone, epoxy
silicone or alkoxy silicone; a silane-coupling agent, for instance, an epoxy silane
such as v-glycidoxypropyltrimethoxysilane and B
-(3,4-epoxycyclohexylethyltrimethoxysilane, an  amino-silane such as
aminopropyltriethoxy silane, ureidopropyl triethoxy silane and
N-phenylaminopropyltrimethoxysilane, a hydrophobic silane compound such as
phenyl-trimethoxy silane, methyltrimethoxysilane, octadecyltrimethoxysilane
and mercaptosilane; a surface-treating agent such as Zr-chelating agent,
titanate-containing coupling agent and aluminum atom-containing coupling
agent; an auxiliary flame-retardant such as Sb20Os, Sb2Os and SbeOs a
flame-retardant such as halogenated epoxy resin and phosphorus
atom-containing compound; a coloring agent such as carbon black, iron oxide, dye
and pigment; and further a release agent such as naturally occurring waxes,
synthesized waxes, metal salts of linear fatty acids, acid amides, esters and

paraffins.

The composition of the present invention can be prepared by, for instance,
blending desired amounts of the foregoing starting materials in, for instance, a
blender or a Henschel mixer; kneading the resulting blend in, for instance, a
heated roll, a kneader, a single-screw or twin-screw extruder; cooling the kneaded

product; and then pulverizing the cooled product.

The semiconductor-sealing material according to the present invention

comprises an epoxy resin composition. When sealing a semiconductor device
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0 8 Content (% of Particles (PD: 0.1 to 0.8p.m 9 14 6 15 Content (% of
Particles (PD: >0.8pmand < 2pn) 4 10 5 21 Content (% of Particles (PD:
2pmto 7pn) 25 24 18 10 Content (% of Particles (PD:. >7pmand < 12pnm) 7 29
6 9 Content (% of Particles (PD: 12ilmto 30pin) 36 16

using the semiconductor-sealing material according to the present invention, the
sealing methods usable herein include, for instance, mantle-molding techniques

such as transfer molding technique and the technique using a multi-plunger.

5 Examples

Examples 1 to 5 and Comparative Examples 1 to 7

Pulverized naturally occurring silica as a raw material was molten and
formed into spherical particles of the resulting melt by supplying the raw material
into the flame formed through the combustion of LPG in the presence of oxygen

10  gas using a device as disclosed in the example disclosed in JP-A-2001-233627 to
thus form spherical amorphous silica particles. Thus, there were prepared 12
kinds of spherical amorphous particulate silica products A to L as detailed in the
following Table 1, while variously adjusting, for instance, the flame-forming
conditions, the particle size of the raw material used, the rate of supplying the

15 raw material and the classification conditions. More specifically, the maximum
particle size; the content of particles having a particle size of greater than 7pm
and less than 12pm; and the ratio (F2/F1) of the frequency value F2 of the
maximum particle size observed for the second peak to the frequency value F1 of
the maximum particle size observed for the first peak were controlled by properly

20 adjusting the raw material particle size, the condition for multiple sieving
operation of the spherilized powder, and the mixing amounts of coarse particles,
fine particles and ultrafine particles. The average sphericity of the resulting
amorphous silica particles was controlled by appropriately adjusting the flame
temperature and the amount of the raw material to be supplied.

25

The spherical amorphous silica powder products A to L were inspected for
the rate of amorphousness and the average sphericity and all of these products
were found to have a rate of amorphousness of not less than 99.5% and an average

sphericity of not less than 0.85. Then, the particle size distributions of these
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25 35 Content (% of Particles (PD. >30pn) 18 3 42 2 Frequencyval ueof
maxi mum particle size FI (%9 3.6 2.9 4.5 3.5 F2 (%9 3.4 2.7 3.5 3.8 F2/F
10.90.90.8

powder products were analyzed and the maximum particle size, the content of
particles having a particle size of greater than 7pnm and less than 12pm, and the
ratio (F2/F1) of the frequency value F2 of the maximum particle size observed for
the second peak to the frequency value F1 of the maximum particle size observed
5 for the first peak were calculated on the basis of the foregoing measurements.
The maximum particle sizes observed for the particles having a particle size
ranging from 12 to 30pum, 2 to 7pm and 0.1 to 0.8pum are indicated as P1, P2 and

P3 respectively and are summarized in Table 1.

10 To evaluate the characteristic properties of the resulting spherical
amorphous silica powder products as the filler for the semiconductor-sealing
material, the following ingredients were subjected to dry-blending, in a Henschel
mixer: 89 parts (parts by mass; those appearing in the following description are
shown in the same way also) of each of the spherical amorphous silica powder

15 products A to L; 5.5 parts of
4,4’-bis(2,3-epoxypropoxy)-3,3’,5,5 -tetramethyl-biphenyl type epoxy resin; 4.0
parts of a phenolic resin; 0.2 part of triphenylphosphine; 0.5 part of
v-glycidoxypropylmethoxysilane; 0.3 part of carbon black; and 0.5 part of
carnauba wax, and the resulting mixture was then kneaded, with heating, in a

20 unidirectionally engaged type twin-screw extrusion-kneading apparatus (screw
diameter (D) = 25 mm; kneading disc length of 10D mm; rotational number of
paddle of 150 rpm; the rate of flow of 5 kg/h; and a heater temperature ranging
from 105 to 110°C).  The kneaded product (the discharged product) was cooled in
a cooling press, and then pulverized to give the corresponding

25 semiconductor-sealing materials.  Each semiconductor-sealing material thus
prepared was inspected for the flowability, the narrow interstice-filling up
property, and the degree of deformation of distributing wires according to the
evaluation methods detailed below and the results thus obtained are summarized

in the following Table 1:
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1.1 Oversize Particles as Determ ned Using the JIS Standard Sieve of 53pm
(% by mass) 0.6 0.1 1.1 0.8 Flowability/Spiral Flow (cm 138 104 162 128
Narrowl nterstice-FillingupProperty/Visual Cbservation (presence or absence
of un-filled portions) No No Yes No Narrow Interstice-Filling up

Property/ Average No. of Voids (Nunber) 1 1 1 C Degree of Deformation of
Gold Wre (mm O0.18

(1) Determination of Flowability/Spiral Flow
The spiral flow value of each semiconductor-sealing material was
determined using a transfer-molding machine equipped with a mold for
5 determining the spiral flow according to the method specified in EMMI-I-66
(Epoxy Molding Material Institute; Society of Plastic Industry). The transfer
molding conditions were as follows: the mold temperature of 175°C; the molding

pressure of 7.4MPa; and the holding time of 90 seconds.

10  (2) Determination of Narrow Interstice-Filling Up Property
Two imitation chips each having a chip size of 8Smmx8mmx0.3mm were put
in layers on the surface of a substrate for BGA via a die attach film, then they
were connected to one another with gold wires and the resulting assembly was
molded into a package size of 38mmx38mmx1.0mm using each of the foregoing
15  semiconductor-sealing materials in a transfer molding machine, followed by the
after curing operation at a temperature of 175°C for 8 hours to thus give 30 BGA
imitational semiconductor elements. In this respect, the distance between the
neighboring interstices on the chip was found to be 200pum, the diameter of the
gold wire was set at a level of @30pm, and the average length thereof was set at a
20 level of 5mm. The foregoing transfer molding operations were carried out at a
mold temperature of 175°C, a molding pressure of 7.4MPa and a holding time of
90 seconds. These 30 imitational semiconductor elements were visually
inspected for the presence of any un-filled portion and the imitational
semiconductors free of any un-filled portion were examined for the presence of any
25  void using an ultrasonic flaw detector to thus calculate the average void number
per imitational semiconductor for each semiconductor-sealing material.(3)
Determination of Degree of Deformation of Gold Wire
The gold wire portions of the foregoing imitational semiconductors were

observed by a soft X-ray radiography device to thus determine the degree of



1.18 0.27 0.34 *: Conparative Exanple Table 1 (continued) Ex. No. 6*
Synbol of Anorphous Silica Powder | J K MaximunParticle Size PI (pm) 19 14
19 19

deformation of the gold wires. In this connection, the degree of deformation is
defined to be the maximum distance between the positions observed before and
after the packaging operations and each experimental result was expressed in

terms of the average of 12 measurements.
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P2 (pm P3 (pin) 0.9 0.3 0.5 0.5 Content (% of Particles (particle
size (PD) < 0.1pm 1 5 3 0 Content (% of Particles (PD: 0.1 to 0.8pm 3 10
13 8 Content (%9 of Particles (PD. >0.8pmand < 2pm) 10 8 9

Table 1
Ex. No. 1 3 4
Symbol of Amorphous Silica Powder A B C D
Maximum  Particle | P1 (um) 19 14 19 19
Size P2 (um) 45 |45 (45 |6.2
P3 (um) - 05 |03 |0.9
Content (%) of Particles (particle size (PD) < |0 1 3 0
0.1pm)
Content (%) of Particles (PD: 0.1 to 0.8um) 0 12 11 7
Content (%) of Particles (PD: >0.8um and < 2pm) | 9 5 7 13
Content (%) of Particles (PD: 2jum to 7pm) 26 22 17 31
Content (%) of Particles (PD: >7pm and < 12pum) | 10 13 8 14
Content (%) of Particles (PD: 12pm to 30pm) 46 39 |48 30
Content (%) of Particles (PD: >30pm) 9 8 6 5
Frequency value of | F1 (%) 4.5 42 15.0 3.8
maximum particle size F2 (%) 3.8 |41 |32 4.5
F2/F1 0.8 1.0 |06 1.2
Oversize Particles as Determined Using the JIS | 0.2 0.1 |03 0.3
Standard Sieve of 53pm (% by mass)
Flowability/Spiral Flow (cm) 142 | 156 | 153 | 135
Narrow Interstice-Filling up Property/Visual | No No | No No
Observation (presence or absence of un-filled
portions)
Narrow Interstice-Filling up Property/Average | 0 0 0 1
No. of Voids (Number)
Degree of Deformation of Gold Wire (mm) 0.11 {0.05 ]0.07 |0.15
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5 Content (% of Particles (PD: 2pmto 7p.m 14 27 34 Content (% of
Particles (PD: >7pmand < 12p.n) 36 25 14 Content (% of Particles (PD:
12pmto 30pn) 31 23 24 Content (% of Particles (PD. >30p.m 52 31
Frequencyval ueof Maxi mum particle size FI (% 3.1

Table 1 (continued)

Ex. No. 5 1* 2% 3*
Symbol of Amorphous Silica Powder E F G H
Maximum  Particle | P1 (um) 27 9 36 19
Size P2 (um) 62 |45 |62 |16
P3 (um) 03 |05 |05 0.3
Content (%) of Particles (particle size(®PD) <] 1 4 0 8
0.1pm)
Content (%) of Particles (PD: 0.1 to 0.8pm) 9 14 |6 15
Content (%) of Particles (PD: >0.8um and < 2pm) | 4 10 5 21
Content (%) of Particles (PD: 2pm to 7ium) 25 24 |16 10
Content (%) of Particles (PD: >7pm and < 12pm) | 7 29 |6 9
Content (%) of Particles (PD: 12um to 30um) 36 16 25 35
Content (%) of Particles (PD: >30pnm) 18 3 42 2
Frequency value of | F1 (%) 3.6 29 145 3.5
maximum particle size F2 (%) 34 |27 |35 |38
F2/F1 09 |09 |08 1.1
Oversize Particles as Determined Using the JIS| 0.6 |0.1 | 1.1 0.8
Standard Sieve of 53nm (% by mass)
Flowability/Spiral Flow (cm) 138 | 104 |162 | 128
Narrow Interstice-Filling up Property/Visual | No No |Yes |No
Observation (presence or absence of un-filled
portions)
Narrow Interstice-Filling up Property/Average | 1 1 - 2
No. of Voids (Number)
Degree of Deformation of Gold Wire (mm) 0.18 |1.18 {0.27 |0.34

*: Comparative Example
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3.4 3.56.3 F2 (%9 3.3 3.2 F2/F 1 1.1 0.9 Oversi ze Particles as
Determ ned Using the JI'S Standard Sieve of 53pm (% by nass) 0.4 0.2 0.3 0.3
Fl owabi lity/ Spiral Flow (cnm) 106 115 124 140

Table 1 (continued)

Ex. No. 4* 5% 6* 7*
Symbol of Amorphous Silica Powder I dJ K L
Maximum  Particle | P1 (um) 19 14 |19 19
Size P2 (um) 11 62 |45 |45
P3 (um) 09 (03 |05 |05
Content (%) of Particles (particle size (PD) <| 1 5 3 0
0.1pm)
Content (%) of Particles (PD: 0.1 to 0.8pum) 3 10 |13 8
Content (%) of Particles (PD: >0.8pm and < 2pm) | 10 8 9 5
Content (%) of Particles (PD: 2pm to 7im) 14 27 |34 16

Content (%) of Particles (PD: >7nm and < 12pm) | 36 25 14 19

Content (%) of Particles (PD: 12pm to 30;um) 31 23 |24 51
Content (%) of Particles (PD: >301m) 5 2 3 1
Frequency value of | F1 (%) 3.1 34 |35 6.3
Maximum particle size F2 (%) 3.3 |32 |54 |22
F2/F1 1.1 0.9 1.5 0.3

Oversize Particles as Determined Using the JIS | 0.4 0.2 |0.3 0.3
Standard Sieve of 53pm (% by mass)
Flowability/Spiral Flow (cm) 106 | 115 | 124 | 140

Narrow Interstice-Filling up Property/Visual | No Yes | No Yes

Observation (presence or absence of un-filled

portions)

Narrow Interstice-Filling up Property/Average | 5 - 2

No. of Voids Number)

Degree of Deformation of Gold Wire (mm) 051 {068 |0.49 |0.22

*: Comparative Example
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Narrowl nterstice-FillingupProperty/Visual Observation (presence or absence
of un-filled portions) No Yes No Yes Narrow Interstice-Filling up
Property/ Average No. of Voids (Nunber) 5 2 Degree of Deformation of Gold
Wre (nm 0.51 0.68 0.49 0.22 *: Conparative Exanple As will be
clear fromthe conparison between the results of Exanples and Conparative

Exanpl es, the geraM Be RRUEHER0ACHR EimiPatiSort BetRe&s et resvienbl Bxawailed and
permt the preparation of a conposition and, in particular, a

sem conduCompasetive rMgxampss, ahe osbholic ippwaberehdoondinigntd biee paeseow invention
interstice-filling 5 up property, and the noldability as conpared w th that
pr epar ed weiy phemiter Hm c ppenai@tionf Conparcaminesitiganpings . inndwsticndar, a

Applicability The ceramc powder according tqQ the present invention n be
used as, seémcmngvﬁ@trawgbpgamﬁéeﬁl@@ gh as £% qrﬁglnrxﬂxeela@r&wé)éarsw'fﬁiing

i nst ance, aut omobj | e rtabl ctroni c _machi ne tools,,perso

] I
conput’er S‘}p FHIPRY se%z)(}% pg}qlgeﬁlglix,%y 225 LATHALE . W ttﬁgﬂ R,ﬁ‘??éﬁéd .usnlg nt%e
sem condu(tcegc%li ?g({?%%%ffﬁﬂ??ﬁgME‘feg?f‘%@ﬁ{% seal ing agents; a variety of

rubber matéria ma illers) such as various kinds of
engi neering plastics. In addition to the 15 sem conductor-sealing nmaterial,
the conposition containing the ceram c powder according to the present
i nvent i onlnchAstiiui Applichbilityed as, for instance, a prepreg obtained by

i npregnating, with the conposition, for instance, a glass woven fabric, a
gl ass nonwovenlheleramir powder accqydmig thibe prasent mivengion caebe aigeil g, fore
conposition as well as various kinds of engli neer.ing fpI astics. .

10 instance, a semiconductor-sealing material used in, for mstance, automobiles,
portable electronic machinery and tools, personal computers, and household
appliance; a laminated sheet on which semiconductor elements are mounted;
putty; sealing agents; a variety of rubber materials; and filling materials (fillers)
such as various kinds of engineering plastics. In addition to the

15 semiconductor-sealing material, the composition containing the ceramic powder
according to the present invention can further be used as, for instance, a prepreg
obtained by impregnating, with the composition, for instance, a glass woven fabric,
a glass nonwoven fabric or other organic base materials and then curing the

composition as well as various kinds of engineering plastics.
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20 What is clained 1. Ceram c powder having a multiple peak-frequency
type particle size distribution which has at |east two peaks, as determ ned
according to the laser diffraction-scattering type particle size

di stribution anal yzer, wherein the 5 maxi num particle size observed for the
first peak falls within the range of from 12 to 30nm wherein the maxi nmum
particl e Wige pbepiiygddfiar the second peak falls within the range of from 2
to 7nm wherein the content of the particles having a particle size of
greater than 7Qweramdc | pessdéharaviggm i multiblamgreak-fraqudi®dp (typel paitide O8ize
and wherein the ratio (F2/Fl1) of the frequency value F2 of the 10 maxi num
particl e dszebutheewhedhfloas ahéeadctormppaks 2o detryniineduanceydingl igettr lasert he
maxi num particle size observed for the first peak ranges. fromO0,5 to 1, 3.

2. The cehffedigsseritenngcitapen particloi sigea Harubetionspnalynest rvBersipn the

"o TR S STl R 8, LR AR TUCVARY U, 61 B0 45o SR BEEU R
cor am ¢ 3580l AU S S0 R P P U e

than 0. 5%9%}111{@3@ r\%g& i 0P8 BYnTBsBdreidt -tEB%oﬁ%metw@Iﬁﬁclg% h%w/ilgnae

of clainms 1 to 3, rein the ceramc powder is silica powder.
conposi t iRtieTRIAeS b @Grahtdrefitdn den aind le@sithaRn2inbienpt anelrec ehauwi 8%

powder of any one of clains 1 to 4 incorporated into the resin and/or
r ubber 6.(AdedingoAthlc bod- whakéingthrmtatio dF2ddbpof shadredvencympduetidef dhe
claim5 wherein at |east one of the resin and the rubber is an egf&(g/Frleosfi n.
o5 10 maximum particle size observed for the second peak to the frequency v
the maximum particle size observed for the first peak ranges from 0.5 to 1.3.
2. The ceramic powder of claim 1, having a particle size distribution having an
additional third peak and the maximum particle size observed for the third peak
falls within the range of from 0.1 to 0.8pm.
15 3. The ceramic powder of claim 1 or 2, wherein the amount of the oversize
particles as determined using the JIS Standard Sieve of 53pm is not more than
0.5% by mass (including 0% by mass).
4. The ceramic powder of any one of claims 1 to 3, wherein the ceramic powder
is silica powder.
20 5. A composition comprising at least one of a resin and rubber; and ceramic
powder of any one of claims 1 to 4 incorporated into the resin and/or rubber.

6. A semiconductor-sealing material comprising the composition of claim 5

wherein at least one of the resin and the rubber is an epoxy resin.
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